The results presented in this communication are based on the examination of 113 cases of syphilis in all stages of the disease, from the secondary eruption to general paresis. During the past ten months every case of syphilis admitted to the hospital has had lumbar puncture performed as part of the routine examination; previous to that time only cases which suggested infection of the nervous system were punctured.
TECHNIQUE.
Lumbar puncture is ahvays performed with the patient lying on the right side. It has been found that a uniform position for all patients greatly increases the ease of the procedure, and special stress is laid on having the patient properly placed in the beginning. The troublesome headache sometimes seen after lumbar puncture is less frequent with the patient prone, than when the puncture is performed with the patient sitting up. The skin and underlying tissues at the site of puncture are infiltrated with a little 2 per cent. novocaine solution. This makes the procedure much less painful and patients rarely object to repeated punctures. The routine examination of the fluid is confined to four procedures,--estimation of pressure, cell count, globulin determination, and Wassermann reaction.
Pressure.--The pressure is estimated by allowing the fluid to run into a graduated manometer tube, with a bore three millimeters in diameter, and reading the height to which the fluid rises. This gives a figure which is, of course, relative only, but the normal variations * Received for publication, May 26, I913.
in pressure are so large,--9o to 2oo millimeters,--that a more accurate measure is unnecessary and only causes delay.
Cell Count.--The preparations should be made as soon as the fluid is removed, as the cells settle rapidly and adhere to the sides and bottom of the tube if the fluid is left standing; they may be counted at leisure, as long as sufficient time does not elapse for evaporation to occur. The counts are made with the pipette ordinarily used for leucocyte counts and the Thoma-Zeiss counting chamber. Two pipettes and two chambers are used in each estimation. For diluting fluid we use Io per cent. acetic acid in distilled water. This is drawn to the "I " mark on the pipette, which is then filled to the "i i " mark with spinal fluid. This gives a dilution of spinal fluid of nine in ten within the chamber. The fluid in the capillary portion of the tube is then blown out, and a drep of fluid from the chamber run on to the counting stage. The cover-slip is then placed on the slide and, while firm pressure is being applied, pushed across the stage. With this method Newton rings are easily obtained on all four sides~ thus assuring the constant depth of the preparation. The cells on the whole ruled surface are then Counted. This ruled surface in the Thoma-Zeiss chamber has an area of 9 square millimeters. As the chamber is only I/Io of a millimeter in depth, the total count gives the number of cells in 9/Io of a cubic millimeter Of the diluted fluid. The figure so obtained must, therefore, be multiplied by io/9 to give the number of cells per cubic millimeter, and a further multiplication by Io/9 is required to correct the dilution; or, combining the two calculations, we can multiply by Ioo/8I, that is approximately IO/8. The result gives the number of cells in I cubic millimeter of undiluted fluid. The two chambers should correspond closely. This method has proved entirely satisfactory, and accurate within Io per cent. In considering the findings the standard of Dreyfus (I), based on 75 ° punctures, is used: 
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Globulin.--We have used the butyric acid method of Noguchi (2) , which has been found entirely satisfactory. In some cases the colloidal gold method of Lange was also used, but in our hands this proved no more delicate and was less convincing than the Noguchi method. We have compared the Nonne-Apelt phase I reaction with the Noguchi butyric acid reaction in a number of fluids and have found the latter much the more delicate of the two. Where there is a marked excess of globulin, the results of the two reactions are quite parallel, but when the excess is slight, the phase I reaction fails, and fluids giving the degree of reaction classed by us as a --reaction, that is, a faint haze with butyric acid, are with the NonneApelt reaction entirely negative. The reagents used in the Noguchi reaction are butyric acid (Merck)diluted to IO per cent. in 0.85 per cent. sodium chloride solution and a 4 per cent. solution of sodium hydrate. To 0.2 of a cubic centimeter of spinal fluid, 0. 5 of a cubic centimeter of butyric acid is added and the mixture brought to a boil over a small flame; o.I of a cubic centimeter of 4 per cent. sodium hydrate is then added and the whole again heated to boiling. If carefully observed, the reaction can be delicately shaded and relatively quantitative readings made. The tubes should be watched carefully for the first ten minutes and read in half an hour and again in two hours. When possible several fluids should be done at the same time to obtain a comparison. In reading the Noguchi reaction we have adopted the following arbitrary standard : 
Wassermann Reaction.--The introduction by Hauptmann and
H6ssli (3) in 191o of the use of large quantities of spinal fluid in the Wassermann reaction entirely altered previous conceptions as to the value of this test in the examination of the spinal fluid. Previous to this it had been shown that of the four reactions used in determining the syphilitic nature of a disease of the nervous system,--Wassermann reaction in the blood, pleocytosis, globulin reac-tion, and Wassermann reaction in-the spinal fluid,--the latter was mu¢h the least frequently present. This was unfortunate as, when present, it was the most convincing of the four. The introduction of large amounts, five times as much fluid being used as is used in performing the reaction with serum, has made a positive Wassermann reaction in the spinal fluid one of the most constant findings in syphilis of the central nervous system. The test has, moreover, the great advantage that as yet it has never been found positive except where actual syphilitic infection of the central nervous system may logically be considered to have been present. Fraenkel (4) has checked by autopsy or operation the findings with these large amounts of fluid in thirty-six cases. In no case was a positive reaction obtained where syphilis of the central nervous system was not present.
In doing the Wassermann reaction we have used the anti-sheep hemolytic system with guinea pig complement. Daily titrations of complement have been made and the guinea pig serum has been diluted so that o. 5 of a cubic centimeter, the amo.unt used in the test, contained two hemolytic units. Two units of hemolytic amboceptor have also been employed. The antigen used in most of the work was an alcoholic extract of human fetal liver, to which o.2 5 per cent. cholesterin had been added. Latterly we have used an alcoholic extract of human heart to which o.4 per cent. cholesterin had been added. The latter, which is a much more powerful antigen, was used with only a few of the fluids in this series. The findings in blood and spinal fluid are comparable, as reactions were always done with the same reagents. All the reagents were used in half the amount described in the original Wassermann reaction, giving a total volume of 2. 5 cubic centimeters instead of the 5 cubic centimeters originally described. In some of the earlier fluids, only o.I of a cubic centimeter of fluid was used, but the majority were tested with o. 5 An attempt has been made to classify into groups, according to the clinical and pathological data obtainable, the patients whose spinal fluid findings are here reported. In some cases this has been easy and certain, but necessarily in a disease so complex and manifold as syphilis of the central nervous system, this grouping must in many cases be regarded as arbitrary. The following classification has been adopted: (i) secondary syphilis untreated; (2) secondary syphilis treated; (3) secondary syphilitic meningitis (including nerve relapses); (4) latent tertiary syphilis; (5) tertiary syphilitic meningitis; (6) syphilitic spinal spastic paralysis; (7) cerebrospinal syphilis; (8) cerebral syphilitic endarteritis; (9) tabes dorsalis ; (IO) general paresis.
SECONDARY SYPHILIS UNTREATED.
In I9o3 Ravaut (5) reported on the examination of the spinal fluid in II6 cases of secondary syphilis. He found some degree of abnormality, either increased cells or increased protein content, in 67 per cent. Little attention was paid to these findings until the occurrence of the so called nerve relapses following treatment with salvarsan aroused fresh interest in the subject. In the past year several observers have examined the spinal fluid in cases of early secondary syphilis. All I:eport frequent abnormal findings, and some give very high figures. Dreyfus (6) examined twenty-two cases of secondary syphilis and found changes in the spinal fluid in all, increased cells or protein in seventeen, and increased pressure in five. In a later paper (7) 
We have examined the spinal fluid of twenty-two cases of early untreated secondary syphilis. Three showed cell counts of 12, 12, and I3, respectively; that is, slight but definite lymphocytosis. Two of these had also slight increase of globulin. Two with counts of seven and eight belong to the doubtful, border-line group; both of these had also, however, some increase of the globulin. Three cases with normal cell counts showed increased globulin, In only one case could the pressure be considered abnormal (27o millimeters). The Wassermann reaction was in every case positive in the blood and negative in the spinal fluid. Eight patients of the twenty-two examined, or 36 per cent., showed some abnormality of the spinal fluid. Of these eight patients, three have been lost track of, two have shown a normal spinal fluid after intensive treatment with salvarsan and mercury, one (case 157 ) has attended very irregularly and has had only three intravenous injections of salvarsan ; his fluid six months later and again eighteen months later was entirely negative. One (case 644), who had increased globulin but no increase in cells has, in spite of two courses of neosalvarsan and one course of mercury injections, shown the same findings on both of two subsequent examinations, the globulin reaction being indeed more marked at the last examination. Another patient (L. R.)has, in spite of twelve intravenous injections of neosalvarsan and two courses of mercury injections, developed a definite meningitis with double optic neuritis; this is now, however, yielding to further treatment.
SECONDARY SYPHILIS TREATED.
All the patients in this group had been previously treated with salvarsan. These cases are patients who had received their treatment before routine lumbar punctures were made. With the exception of case 193, none of the patients showed symptoms referable to the nervous system. Case 193 was admitted in June, 1911, with active secondary syphilis and was given four intravenous injections of salvarsan, totaling 0. 9 of a gram. The Wassermann reaction became negative in August, 191I, but was again positive in October, 1911. During November she had five intravenous injections of 0.2 of a gram of salvarsan. In January, 1"912, she was admitted with a severe facial neuralgia of three weeks' duration. Physical examination showed nothing abnormal. Lumbar puncture yielded a spinal fluid with a cell count of 14; the globulin was negative. She was given 0. 3 of a gram of salvarsan and the pain entirely disappeared within twelve hours and has not returned. She has since had 1. 5 grams of salvarsan and 5.1 grams of neosalvarsan. Subsequent lumbar punctures showed on May 28, 1912 , eleven cells, and on December 7, 1912, seven cells; there has never been any increase in the globulin. Table II shows that of ten cases of This group is made up of patients who had an evident meningitic involvement in the active secondary period ; that is, in the first year of the disease. They should, perhaps, be included in class 2 (secondary syphilis treated~), as all had had more or less salvarsan. Only four of these patients, however, belong in the group of patients with secondary syphilis treated by us and still under observation. The other four patients were admitted because involvement of the central nervous system was suspected. Moreover, none were discovered in the course of routine lumbar puncture, but all were examined because a lesion of the ,central nervous system was suspected. For .these reasons they were classed separately. These cases include four typical examples of the so called neurorelapse with paralysis of cranial nerves (cases 187 , 392 , 655, and 875). The clinical picture in these patients with secondary syphilitic meningitis varies greatly. In a previous paper (I I) the relative insignificance of the clinical symptoms and signs which may be present in patients yielding such fluids has been pointed out. They may, on the other hand, show most extreme evidence of their nervous involvement. As will be seen by reference to table III, the spinal fluids of these patients show very .consistent findings, more so than any other .type of syphilis of the nervous system. Case 73 ° alone is irregular. We find, almost without exception, high ceil counts, this condition yielding, as a rule, the most marked pleocytosis of any syphilitic condition of the nervous system. In our cases the globulin varied from a heavy flocculent precipitate (++ reaction) to a faint haze (_+ reaction), but was positive in every case. Both the globulin and the number of cells paralleled closely the clinical condition, being most increased in the severe cases. The Wassermann reaction in the spinal fluid was positive with 0. 5 of a cubic centimeter of fluid in every case but one, while with o.I of a cubic centimeter it was positive in only one. The Wassermann reaction in the blood was positive in four and negative in four cases, being apparently determined by the amount of previous treatment. These patients have responded satisfactorily to treatment, and all those who have been treated and followed (six) are now free from symptoms and all but one have normal spinal fluid's. They are being kept under constant treatment with mercury and salvarsan in spite of the negative findings.
It is interesting to compare the findings in, our .cases of treated secondary syphilis with. those of Altmann and Dreyfus (I2), who examined the spinal fluid in eight cases of primary and fifty-six cases of untreated secondary syphilis. Two of the eight fluids from their primary cases showed cell counts of eight and thirteen respectively; both of these gave a positive phase I reaction. Seven of the fluids from the fifty-six patients with secondary syphills, examined by them, had cell counts of between 75 and 500 cells per cubic millimeter; all the seven fluids showed also a marked increase in the glo,bulin and a positive Wassermann reaction. The Wassermann reaction in the spinal fluid was positive in eleven of the fiftysix cases; only on~:e was it positive with.out an accompanying marked in,crease in cells and globulin. Many of the other fluids showed slighter changes, 66 per cent. in all of the fluids from fiftysix untreated secon,dary cases showing some increase in cells or globulin.
As will be seen by reference to table I, the number of our patients with umreated secondary syphilis who showed abnormalities in the spinal fluid is much smaller than that found by Altmann and Dreyfus, and the changes are much less marked. The discrepancies may be due to the fact that nearly all the patients were in the very early secondary stage. Altmann and Dreyfus found the marked changes,--cell counts of over IOO, s:trong globulin reaction, and positive Wassermann reaction in the spinal fluid,--only in the later secondary cases. Table III shows that at this period of the disease we also had a number of patien.ts whose spinal fluids showed similar find~ings. If the question of previous .treatment with salvarsan be omitted, our findings in forty cases of secondary syphilis, cell counts of 3 ° to 1,o74 in eight, positive Wassermann reaction in the spinal fluid in seven, and slight increase in cells or globulin in eleven, are comparable to those of Altmann and Dreyfus. From these figures it would appear, contrary to what is commonly held, that changes in the spinal fluid are not more frequent in treated than in untreated patients. These findings, meaning, as they almost certainly do, an infection of the central nervous system with Spirochceta pallida, emphasize the frequency of involvement of the central nervous system in syphilis and how early in the disease this invasion occurs.
LATENT TERTIARY SYPHILIS (WITHOUT NERVOUS MANIFESTATIONS).
Six patients were examined (table II, part 2) and in only one was any abnormality in the spinal fluid detected. This patient was admitted with lobar pneumonia. She denied syphilis, but gave a history of repeated miscarriages. The Wassermann reaction in the blood was strongly positive. Her spinal fluid showed no increase in cells, but gave a well marked globulin reaction. 
TERTIARY SYPHILITIC MENINGITIS.
In this group (table IV) were placed those patients whose symptoms and signs could be explained by inflammatory thickened meninges pressing on nerve roots, and in whom no evidence of lesions of the actual nervous tissue of the cord could be obtained. The findings in the spinal fluid in the three cases were varied. Case 603 (.table V) is a typical example of the type of spastic paraplegia first differentiated and described by Erb, and especially studied by Oppenheim and by Nonne. The condition consists of a slowly developing spastic paralysis of the lower extremities, with spastic gait, muscular weakness, increased tendon reflexes, and bladder disturbance. The upper extremities are normal and there is no change in mentality, .cranial nerves, or pupils, and no disturbance of sensation. The other three patients present almost an identical clinical picture, but in them the onset was in every case sudden. In these cases the lesions are usually considered to be chiefly vascular, and the findings in the spinal fluid,--low .cell count and strong globulin reaction,--support this view.
CEREBROSPINAL SYPHILIS.
There is probably no pa'thological condition the signs and symptoms of which are so manifold and varied as cerebrospinal syphilis. This is to be expected from the variation in site and character which the process exhibits. The cerebrospinal fuid, on the other hand, shows a fairly constant picture (table VI), the greatest variation being in the magnitude of the cell increase. Almost every case shows a strong globulin reaction and a positive Wassermann reaction in the spinal fluid. The difference in the number of positive Wassermann reactions in the spinal fluid when 0.5 of a cubic centimeter is used, instead of o.I of a cubic centimeter, is well illustrated in :this condition. With o.I of a cubic centimeter, only seven ,cases out of twenty-one, or 33 per cent., were positive, while with 0. 5 of a cubic centimeter, fifteen out of sixteen fluids examined, or 94 per cent., gave a positive reaction.
Hauptmann (13) examined forty-four cases of cerebrospinal syphilis which were negative with the smaller amount of fluid; of these forty-two were positive when larger amounts of fluid were used. One or two of the cases, whose spinal fluid findings are given in table VI, will be given in more detail, as they illustrate the slight signs and symptoms which may be shown by patients whose spinal fluid shows them to be victims of extensive active disease. Case 913 had ,complete loss of reaction to both light and accommodation in both pupils. This was of eleven years' duration. He had no symptoms beyond disturbed vision, and except for the pupil change and the absence of one tendon Achilles reflex, his physical examination was negative. Case 605 had a similar paralysis of accommodation in one eye of two years' duration; he has had no symptoms ~'.~, beyond two momentary attacks of slight dizziness, and his physical examination was otherwise emirely negative. Cases 154 and I,I99 are similar cases of isolated pupil disturbance; they have, now, however, developed other signs of nervous involvement. Case 888 had no symptoms except "general nervousness" and some chronic gastric distress; his physical examination was entirely negative. Case 887 had headaches of eighteen months' duration and deafness in one ear ; his physical examination showed beginning optic atrophy and nerve deafness in the affected ear; he had visited numerous eye and ear dispensaries, but had been given no antisyphilitic treatment ; his headache disappeared within forty-eight hours after starting treatment. Case I,O32 , a man aged thirty-eight years, noticed in December, i9i I, some unsteadiness of station. In February, I912 , he was taken with sudden weakness o,f the lower extremities which gradually increased until June, I912 , when he became confined to bed. He entered the hospital on November 29, 1912 , with a complete flaccid paralysis of the lower extremities, weakness of the muscles of the back, tingling of the fingers, and some weakness and huskiness of voice. He showed slightly unequal contracted pupils which reacted sluggishly to light and accommodation, areas of anesthesia to light touch over the trunk and lower extremities, and a complete flaccid paralysis of the lower extremities, with loss of all tendon reflexes. There was slight atrophy of both lower extremities with marked muscular hypomnus, fibrillary twitching, and loss of myotalic irritability. The reaction of degeneration was not present. This is apparemly an example of syphilitic anterior poliomyelitis. Nonne (14) has collected a number of such cases from the literature and reports three cases of his own. The sensory changes in this case, however, remove it from the pure cases of this type, in which evidence of lesions in the anterior horn alone is found. Case 72o is similar. This child was sent in as a case of acute anterior poliomyelitis; the true nature of the disease was only suspected when it continued to progress. Under specific treatment improvement rapidly occurred.
CEREBRAL S Y P H I L I T I C ENDARTERITI$.
In this group (table V I I ) we have placed the cases whose clinical and spinal fluid findings suggest that their symptoms are due to vascular disease rather than ,to a syphilitic infection of the actual nervous tissue. These patients have not, in all probability, a syphilitic infection of the central nervous system, any more than has a case of aortitis, the disturbance of the nervous system in them being entirely secondary and accidental, dependent only on impaired nutrition due to vascular disease. The clinical diagnosis has since been confirmed in one case at autopsy. Nonne (15) has called attention to the absence or trivial character of the spinal .fluid findings in this type of case. Clinically they showed indefinite cerebral symptoms,--headache, dizziness, "nervousness,"--in short, the ordinary symptoms of cerebral arteriosclerosis. Physical examination in these patients was negative, and the spinal fluid showed no abnormality, except, in one of our cases, an increase of globulin.
TABES DORSALIS.
The examination of the spinal fluid in this condition yields information of great value. By this procedure an early diagnosis can be confirmed, and a valuable index of the result and efficiency of subsequent therapy is obtained. Moreover, no adequate conception of the course of the syphilitic process can be reached until all available sources of information have been investigated in each case, and until the history, physical signs, and finding s in the blood and spinal fluid have been analyzed and .correlated. A striking fact brought out in table VIII is the trifling character of the secondary manifestations of syphilis in the majority of patients subsequently developing tabes dorsalis. Sixteen of the thirty patients, or more than 5 ° per cent., denied all knowledge of secondary manifestations. This is a rule to which attention has been called by numerous observers, and has been especially emphasized by Mott (17) . The figures are more striking if one compares the findings in cerebrospinal syphilis (table VI) , where only five of the twenty-one patients denied secondaries: Moreover, three of the five cases of cerebral syphilis denying secondaries (cases 6o 5, I,I99, and 154 ) are patients with an ophthalmoplegia as practically the sole evidence of their disease,--a class of case which, Nonne (I4) states, almost always develops later into either tabes or paresis.
GENERAL PARESIS.
Only three cases of general paresis have been observed. Two of these were very early cases (Nos. 42 and 883). All three showed a positive Wassermann reaction in ~he blood, moderate or slight pleocytosis, a strong globulin reaction, and an intensely strong posi~ Nonne and ttolzmann (18) are of the opinion that these findings are also significant in attempting to recognize cases of taboparesis. Our experience in a limited number of cases tends to confirm this opinion. Only one of our tabetics (case 1,o97 ) gave a positive reaction with this amount of fluid, o.o 5 of a cubic centimeter. This patient had a definite change in personality arm mental deterioration, and is almost certainly a case of taboparesis.
In conclusion we should like to emphasize the value of the frequent use of lumbar puncture in the care and study of syphilis. The procedure is simple, and the information obtained of extreme value. In considering prognosis and the amount of treatment likely to be required, the examination of the spinal fluid for possible abnormalities in the secondary stage of the disease is of the utmost importance. The diagnosis of any syphilitic condition of the central nervous system is not complete without an examination of the spinal fluid, and in the treatment of these conditions repeated examinations of the fluid furn,ish the best guide to therapy. A negative Wasserman~n reaction in the blood is no evidence that the nervous system is not affected and every patient with increased cells, globulin, or a positive Wassermann reaction in the spinal fluid needs active antisyphilitic treatment. No patient who has been infected with syphilis can conscientiously be discharged as cured, until the spinal fluid has been examined and found normal, even though he remains free from signs and symptoms and has a persistently negatiye Wassermann reaction in the blood.
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